To meet the demands of some kinds of reactions catalyzed simultaneously by Brønsted acid and Lewis acid catalyst, two novel Brønsted-Lewis acidic ionic liquids, 1-carboxyethylene-3-(4-zinc acetate sulfobutyl) imidazolium chloride 
Introduction
Ionic liquids, due to their strong dissolving capacity, negligible vapor pressure, high thermal and chemical stability, have attracted much attention. The emergence of functionalized ionic liquids extends the application fields of ionic liquids. Acidic ionic liquids are a kind of functionalized ionic liquids, and recently have attracted more interests due to their advantages of both solid acid and liquid acid.
The traditional acidic ionic liquids include Brønsted acidic ionic liquids and Lewis acidic ionic liquids. Lewis acidic ionic liquids are usually prepared from metal halides and organic halides, and the most representative one of them is chloroaluminate ionic liquid. However, chloroaluminate ionic liquid is sensitive to moisture and unstable, so FeCl 3 or other metal halide gradually takes the place of AlCl 3 to prepare Lewis acidic ionic liquids which are not sensitive to water [1] . As compared with Lewis acidic ionic liquids, Brønsted acidic ionic liquids are synthesized later. Cole et al. [2] reported the synthesis of Brønsted acidic ionic liquids for the first time in 2002, and then the studies on Brønsted acidic ionic liquids developed rapidly. The traditional acidic ionic liquids mentioned above possess just single Lewis or Brønsted acid sites, which can not meet the demands of some reactions catalyzed simultaneously by Brønsted acid and Lewis acid catalyst, e.g. one-pot synthesis of methylene diphenyl dimethylcarbamate from aniline, dimethyl carbonate and formaldehyde [3] . Wang et al. [4] reported a dual acidic ionic liquid [C 4 SC n im]Cl-AlCl 3 first in 2005. The acidity of the dual acidic ionic liquid was determined by IR spectrography using pyridine as a probe, and the result showed that [C 4 SC n im]Cl-AlCl 3 was indeed a dual acidic ionic liquid. Liu et al. [5, 6] synthesized a Brøn-sted-Lewis acidic ionic liquid [HSO 3 -(CH 2 ) 3 -NEt 3 ]ClZnCl 2 and evaluated its catalytic performance in rosin dimerization and fatty acid methyl ester dimerization, respectively. They [7] [8] [9] In this work, two novel Brønsted-Lewis acidic ionic liquids with both Brønsted and Lewis acidic sites in the cation were prepared first, and then their structures and acidity were characterized.
Results and Discussion
Two novel Brønsted-Lewis acidic ionic liquids, 1-carboxyethylene-3-(4-zinc acetate sulfobutyl) imidazolium chloride ([CH 3 COO-Zn-O 3 S-bim-CH 2 CH 2 COOH]Cl, BLILs-1) and 1-(1,2-dicarboxy) ethylene-3-(4-zinc acetate sulfobutyl) imidazolium chloride ([CH 3 COO-Zn-O 3 Sbim-C 4 H 5 O 4 ]Cl, BLILs-2), were synthesized and characterized in this work.
Synthesis Method
The synthesis approach of BLILs-1 consisted of four-step reactions (Scheme 1). 1-ethoxycarbonylethylene imidazole (Intermediate Product-1, IP-1) was obtained through an addition reaction of imidazole and ethyl acrylate first. Then IP-1 reacted with 1, 4-butane sultone to yield 1-ethoxycarbonylethylene-3-(4-sulfobutyl) imidazole (IP-2). The third step was the generation of 1-carboxye-thylene-3-(4-sulfobutyl) imidazolium chloride (IP-3). The Brønsted-Lewis acidic ionic liquid BLILs-1 was synthe sized lastly by the reaction of IP-3 and zinc acetate, and the yield of the target product was 89.6%. In order to improve the acid strength and acid amount, diethyl maleate was used as a substitute for ethyl acrylate to introduce Bronsted acid site in the first step and other steps were similar to that for the synthesis of BLILs-1. Thus another Brønsted-Lewis acidic ionic liquid BLILs-2 was obtained (91.3% yield). The synthetic route was shown in Scheme 2.
Characterization Method
The structures of the intermediates (IP-2 and IP-3) were determined by means of FT-IR while the structures of intermediates (IP-4, IP-5 and IP-6) were determined by means of 1 H NMR analysis. The structures of BLILs-1 and BLILs-2 were characterized by IR, 1 H NMR and Elemental analysis, and the results indicated that the structures of the Brønsted-Lewis acidic ionic liquids synthesized in this work were corresponding to those of the target products.
Property of Ionic Liquids
The acidic type of the two ionic liquids was determined by FT-IR using pyridine as a probe (Py-IR). Pyridine can react separately with Brønsted and Lewis acids to produce the cation [PyH] + and the Py-Lewis complex, respectively. [PyH] + has an absorption peak near 1540 cm −1 in the FT-IR spectra, and the absorption peak of Py- Lewis complex is close to 1450 cm -1 . By observing these two peaks, the acidic type of a sample can be determined [6] . The characterization procedure in this work was as follows: the ionic liquids were heated and dissolved first, and then mixed with pyridine by a volume ratio of 5:2. The FT-IR spectra were finally obtained as shown in Figure 1 . Compared with the spectra of pyridine, two new absorption peaks near 1540 and 1450 cm −1 appeared in the FT-IR spectra of Py + BLILs-1 and Py + BLILs-2, suggesting that both BLILs-1 and BLILs-2 show Brøn- sted and Lewis acidity.
The acid strength values (H 0 ) of the ionic liquids were determined by the UV-visible spectroscopy combined with Hammett indicator method at room temperature [13] . From Table 1 it can be seen that H 0 values of the BLILs-1 and BLILs-2 were 5.6 and 4.2, respectively, indicating that the acid strength of BLILs-2 is higher than that of BLILs-1. The acid amount of the two Brønsted-Lewis acidic ionic liquids determined by acid-base titration was 2.0 mol NaOH/mol BLILs-1 and 3.0 mol NaOH/mol BLILs-2, respectively. The number of moles of -COOH in BLILs-2 (2.0 mol) were more than that in BLILs-1 (1.0 mol), which may be responsible for the higher acid strength and acid amount of BLILs-2.
The melting points of BLILs-1 and BLILs-2 were 80˚C -81˚C and 85˚C -86˚C, respectively, so the Brøns-ted-Lewis acidic ionic liquids with lower melting point 
Experimental

Materials
Imidazole was purchased from Tianjin Guangfu Fine Chemical Research Institute; ethyl acrylate was obtained from Tianjin Chemical Reagent Co., Ltd.; diethyl maleate was purchased from Tianjin Kemiou Chemical Reagent Co., Ltd.; 1,4-butane sultone was supplied by Wuhan Fengfan Chemical Co., Ltd.; Zn(OAc) 2 ·2H 2 O was purchased from Tianjin Jiangtian Chemical Technology Co., Ltd. All the materials above were of analytical grade and used without further purification except that anhydrous zinc acetate was obtained by removal of crystal water from Zn(OAc) 2 ·2H 2 O at 373 K for 2 h, and 1,4-butane sultone was purified by distillation before use.
Characterization Procedures
The Fourier transform infrared (FT-IR) spectra of the ionic liquids were recorded on a Bruker Vector 22 infrared spectroscopy (liquid film or KBr pellet) between 400 and 4000 cm −1 and collected at a resolution of 4 cm
. 1 H NMR spectra were recorded on a Bruker Avance 400 instrument in D 2 O with TMS as the external standard. Elemental analysis of the ionic liquids was performed with a Vairo EL elemental analysis instrument. The acid strength of ionic liquids was determined by the UV-visible spectroscopy combined with Hammett indicator method, which was recorded on a Cary 300 UV-visible spectroscope at room temperature.
Preparation of Ionic Liquids
The synthesis approach of the Brønsted-Lewis acidic ionic liquids consists of four steps. Take BLILs-1 as an example.
1-Ethoxycarbonylethylene Imidazole (IP-1)
Imidazole (0.5 mol), ethyl acrylate (0.55 mol) and solvent toluene were charged into a 250 mL three-necked flask equipped with a mechanical stirrer. Then the mixture was heated to 100˚C for 24 h under vigorous stirring. After that, toluene and remaining ethyl acrylate were distilled off from the reaction mixture under vacuum at 100˚C and a brown liquid IP-1 was obtained.
1-Ethoxycarbonylethylene-3-(4-Sulfobutyl)
Imidazole (IP-2) IP-1 (0.2 mol) and 1,4-butane sultone (0.2 mol) were stirred at 50˚C for 12 h, and a viscous liquid was obtained. The reaction mixture was washed by toluene and ethyl ether for three times, respectively. The viscosity got larger with washing operation, and then a gelatinous substance was obtained. The gelatinous substance was dried to constant weight in vacuum to afford IP-2 in the form of white solid at room temperature.
1-Carboxyethylene-3-(4-Sulfobutyl)
Imidazolium Chloride (IP-3) IP-2 (0.1 mol) was dissolved in distilled water and then excessive HCl was added dropwise into the aqueous solution of IP-2 with vigorous stirring at room temperature. After that, the mixture was heated to 100˚C and kept for 2 h. Water, remaining HCl and byproduct ethanol were removed by distillation under vacuum at 100˚C, and the resultant viscous liquid was dried to constant weight under vacuum at 100˚C to give a Brønsted acidic ionic liquid IP-3.
1-Carboxyethylene-3-(4-Zinc Acetate
Sulfobutyl) Imidazolium Chloride (BLILs-1) IP-3 (0.1 mol) was dissolved in distilled water, and then anhydrous zinc acetate (0.1 mol) was added into the aqueous solution of IP-3. The mixture was stirred and heated to 50˚C and kept for 4 h. Water was removed by vacuum distillation at 100˚C, and the obtained viscous liquid was dried to constant weight under vacuum at 100˚C to give the Brønsted-Lewis acidic ionic liquid BLILs-1 as a solid at room temperature.
BLILs-2 was prepared in a similar way and the difference was that diethyl maleate was used as a substitute for ethyl acrylate to introduce Bronsted acid site. 
